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Abstract
Purpose:  To  prospectively  determine  the  range  of  abdominopelvic  ultrasonographic  ﬁndings,
including Doppler  resistance  index  (RI)  of  uterine  arteries,  2  and  24  hours  after  uncomplicated
delivery.
Method:  Women  who  delivered  vaginally  or  after  cesarean  section  without  complication
from January  2012  to  April  2012  in  a  tertiary  care  hospital  were  prospectively  included.
Abdominopelvic  ultrasonography,  including  uterine  artery  resistance  index  (RI)  at  duplex
Doppler  ultrasonography,  was  performed  2  hours  and  24  hours  after  delivery.
Results:  Ninety-two  women  (mean  age,  32.7  years)  were  included.  Sixty-one  (66%)  delivered
vaginally  and  31  (34%)  had  cesarean  section.  Twenty-four  hours  after  vaginal  delivery,  endome-
trial and  anterior  wall  thicknesses  dropped  and  uterine  width  increased  (P  <  0.001).  No  changes
in uterine  length  and  posterior  wall  thickness  were  observed  between  2  and  24  hours  after
delivery.  Transient  pelvic  free-ﬂuid  effusion  was  observed  in  1/92  woman  (1%).  Uterine  artery
RI increased  signiﬁcantly  from  2  to  24  hours  (0.50  vs  0.57,  respectively;  P  <  0.001).
Conclusion:  Pelvic  free-ﬂuid  effusion  is  exceedingly  rare  in  the  early  course  of  uncomplicated
delivery.  A  signiﬁcant  increase  in  uterine  artery  RI  during  the  24  hours  following  uncomplicated
delivery is  a  normal  ﬁnding.  It  can  be  anticipated  that  familiarity  with  these  ﬁndings  would
result in  more  conﬁdent  diagnosis  of  complications.© 2015  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author.
E-mail address: philippe.soyer@lrb.aphp.fr (P. Soyer).
http://dx.doi.org/10.1016/j.diii.2014.12.003
2211-5684/© 2015 Éditions franc¸aises de radiologie. Published by Elsevier Masson SAS. All rights reserved.
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Ultrasonography  is  the  front  line  imaging  examination
n  woman  with  suspected  pelvic  postpartum  complications
ither  after  vaginal  delivery  or  after  cesarean  section  [1—4].
n  addition,  ultrasonography  may  have  a  pivotal  role  in  a sub-
et  of  women  with  postpartum  hemorrhage  to  help  decide
n  the  most  appropriate  therapeutic  strategy  in  case  of
ajor  bleeding  [5].  However,  to  avoid  inappropriate  deci-
ion  and  to  best  depict  abnormalities,  knowledge  of  normal
ppearance  of  the  pelvis  at  ultrasonography  after  delivery
s  mandatory  [2].
So  far,  the  majority  of  papers  that  described  the  ultra-
onographic  appearance  of  the  pelvis  after  delivery  have
ocused  on  complications  [5—11].  In  the  same  time,  those
eporting  normal  ﬁndings  have  predominantly  focused  on
he  uterine  cavity  in  the  late  post-partum  period  [12—16].  In
ddition,  the  majority  of  researchers  have  described  rela-
ively  late  pelvic  ultrasonographic  ﬁndings  after  cesarean
ection  [11,17,18]  whereas  only  one  study  has  described
arly  ultrasonographic  ﬁndings  after  cesarean  section  [19].
inally,  uterine  artery  resistance  index  (RI)  as  measured
t  duplex  Doppler  ultrasonography  early  after  delivery  has
eceived  little  attention  [20,21].  Accordingly,  it  becomes
vident  that  a  study  that  comprehensively  describes  the
ormal  ultrasonographic  appearance  of  the  pelvis  of  women
fter  either  cesarean  section  or  vaginal  delivery,  including
he  uterus,  the  pelvic  cavity  and  the  uterine  arteries,  after
n  uneventful  delivery  is  currently  lacking.
This  prospective  study  was  performed  with  two  goals  in
ind.  First,  we  wanted  to  report  the  normal  range  of  ultra-
onographic  abdominopelvic  features  and  uterine  artery
I  at  2  hours  and  24  hours  after  uncomplicated  delivery.
econd,  we  wished  to  determine  if  differences  in  ultrasono-
raphic  ﬁndings  between  these  two  time  points  exist.
aterials and methods
tudy Population
his  prospective  study  was  conducted  between  January  2012
nd  April  2012  inclusively  in  our  institution.  Data  collec-
ion  was  approved  by  our  Institutional  Review  Board  and
nformed  consent  was  obtained  from  all  women.  We  included
ll  women  who  had  an  uneventful  vaginal  delivery  (group  1)
r  uncomplicated  cesarean  section  (group  2).  Uneventful
elivery  was  deﬁned  using  the  following  criteria:
singleton  pregnancy;
pregnancy  >  35  weeks’  gestation;
no  late  pregnancy;
no  postpartum  hemorrhage;
no  requirement  for  blood  transfusion;
no  administration  of  prostaglandins;
no  need  for  pelvic  arterial  embolization;
no  associated  surgical  procedures  during  or  following
cesarean  section.
Exclusion  criteria  were  as  follows:
blood  loss  >  500  mL;
multiple  pregnancy;
preterm  delivery;
hemostasis  disorders;
pre-eclampsia;
f
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abnormal  placentation;
presence  of  uterine  leiomyoma.
elivery procedures
ll  cesarean  sections  were  performed  using  a  low  trans-
erse  incision  followed  by  either  Pfannenstiel  or  Joel-Cohen
echniques.  Manual  examination  of  the  uterine  cavity  was
erformed  in  all  women.  If  any,  placental  remnants  and
lood  clots  were  removed  from  the  uterine  cavity  and  lat-
ral  and  posterior  abdominal  spaces  using  absorbent  gauze
ponge.  All  women  received  oxytocin  (Syntocinon®;  Sandoz,
ueil-Malmaison,  France);  those  who  had  cesarean  sec-
ion  received  5  units  immediately  after  placental  removal,
0  units  during  surgery  and  30  units  over  the  ﬁrst  12  hours  fol-
owing  surgery  and  those  who  had  vaginal  delivery  received
 units  just  after  placenta  removal  and  10  units  during  the
rst  2  hours.
ltrasonographic protocol
ercutaneous  ultrasonography  was  performed  twice,  at
 hours  and  again  at  24  hours  after  delivery,  with  the  woman
n  dorsolithotomy  position.  Before  the  ﬁrst  ultrasonographic
xamination,  each  woman  had  clinical  examination  to
etect  abnormal  bleeding.  Before  the  second  ultrasono-
raphic  examination,  the  operator  conﬁrmed  that  blood
ransfusion,  further  surgery  or  pelvic  arterial  embolization
as  not  required.  All  ultrasonographic  examinations  were
erformed  and  interpreted  by  ﬁve  board-certiﬁed  gyne-
ologists,  using  a  commercially  available  ultrasonographic
nit  (Logiq-R  ultrasound  system,  General  Electric-Medical
ystems,  France)  using  a  3.5-MHz  curvilinear  probe.  To
imit  interobserver  variability,  10  ultrasonographic  exam-
nations  were  initially  performed  by  the  ﬁve  observers
o  deﬁne  four  standard  and  reproducible  ultrasono-
raphic  planes.  These  10  cases  were  excluded  from  the
tudy.
Mid-sagittal  (Fig.  1)  and/or  axial  planes  of  the  uterus
ere  used  to  measure  the  uterine  length  (i.e.,  the  distance
etween  the  uterine  fundus  and  the  internal  cervical  os),  the
hickness  of  the  anterior  and  posterior  uterine  wall  (halfway
etween  the  uterine  fundus  and  the  cervix),  the  endometrial
hickness  and  the  uterine  width  (Fig.  2). Presence  of  free-
uid  effusion  between  the  bladder  and  the  uterus  and  in
he  Douglas  pouch  was  searched  for.  Mid-sagittal  planes  of
he  pelvis  were  performed  to  scrutinize  the  entire  abdom-
nal  cavity  with  parietocolic  gutters.  Parasagittal  plane  of
orrison  pouch  (Fig.  3)  was  used  placing  the  transducer  in
he  region  of  the  right  mid-axillary  line  in  order  to  visual-
ze  the  interface  between  the  liver  and  anterior  renal  fascia
Gerota  fascia).  The  blood  ﬂow  of  the  uterine  arteries  was
lso  studied  on  both  sides.  The  color  and  pulsed  Doppler
valuation  of  the  uterine  arteries  was  carried  out  in  the  lon-
itudinal  plane.  The  uterine  artery  was  visualized  lateral  to
he  cervix.  After  detection  of  blood  ﬂow  and  visualization
f  the  waveform  of  the  uterine  artery,  the  uterine  artery
I,  calculated  as  (S-D)/S  was  automatically  calculated  on
our  to  ﬁve  consecutive  cycles  [22]. At  least  3  consecutive
orrectly  imaged  blood  ﬂow  velocity  waveforms  were  ana-
yzed,  and  mean  values  were  calculated  and  taken  as  the
nal  result.
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Figure 1. Pelvic ultrasonographic image obtained the mid-
sagittal plane of the uterus shows measurement of various uterine
dimensions. (1) corresponds to uterine length; (2) corresponds to
thickness of anterior uterine wall; (3) corresponds to thickness of
posterior uterine wall; (4) corresponds to endometrial thickness. No
free-ﬂuid effusion is visible.
Figure 2. Pelvic ultrasonographic image obtained the axial plane
of the uterus shows measurement of uterine width between the two
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delivery  in  the  general  population  (P  <  0.001)  and  in  group  1calipers.
Statistical Analyses
Descriptive  statistics  were  calculated  for  all  variables
evaluated  at  ultrasonography.  Categorical  variables  were
described  with  raw  numbers,  proportions  and  percentages.
Quantitative  (continuous)  data  included  means,  standard
deviation  (SD),  and  ranges.  Data  were  analyzed  in  the  gen-
eral  study  population  and  further  stratiﬁed  according  to
delivery  mode  and  parity.  Categorical  variables  were  com-
pared  with  the  Fisher  exact  test.  Quantitative  variables
were  compared  with  the  Wilcoxon  rank  sum  test  for  paired
data  or  the  Student  t-test.
Statistical  analysis  was  performed  using  software  (R,
version  3.1.1  for  Windows,  R  Foundation,  http://www.
r-project.org/).  All  statistical  tests  were  two-tailed  and  a
(
(igure 3. Ultrasonographic image of the parasagittal plane of
orrison’s pouch shows no free-ﬂuid effusion. HRP: hepatorenal
ouch; L: liver; RK: right kidney.
-value  <  0.05  was  considered  to  indicate  a  signiﬁcant  dif-
erence.
esults
inety-two  women,  with  a  mean  age  of  32.7  years  ±  5.4  (SD)
range,  21—42  years),  were  prospectively  included  and  ultra-
onographic  examination  was  feasible  in  all  women.
Sixty-one  women  (61/92;  66.3%)  delivered  vaginally
nd  31  (31/92;  33.7%)  had  cesarean  section  for  dysto-
ia  or  non-reassuring  fetal  cardiotocography.  Thirty-two
omen  (32/92;  34.8%)  were  primiparous  and  60  (60/92;
5.2%)  were  multiparous.  Mean  term  at  the  time  of
elivery  was  37.7  weeks’  gestation  ±  1.1  (SD)  (range,
6—39.5  weeks).  Mean  birth  weight  was  3,457  g  ±  450  (SD)
range,  2,210—4,425  g)  (Table  1).  All  presentations  were
ephalic.
All  measurements  were  possible  in  all  women.  The  results
f  descriptive  analysis  for  quantitative  and  binary  data
btained  2  hours  and  24  hours  after  delivery  in  the  general
opulation,  in  group  1  and  in  group  2  are  reported  in  Table  2.
No  signiﬁcant  difference  in  uterine  length  was  found
etween  uterine  length  obtained  at  2  hours  and  that
btained  at  24  hours  after  delivery  in  any  group  of  women.
terine  length  in  women  with  vaginal  delivery  was  greater
t  2  hours  and  24  hours  after  delivery  by  comparison  with  the
terine  length  obtained  in  women  with  cesarean  (P  <  0.001
nd  P  =  0.006,  respectively).  A  uterine  length  >  170  mm
as  observed  in  four  women  (4/92;  4%)  2  hours  after
elivery  and  in  one  woman  (1/92;  1%)  24  hours  after
elivery.
The  anterior  wall  at  mid-length  of  the  uterine  body  was
hicker  at  2  hours  than  at  24  hours  after  delivery  in  the  gen-
ral  population  (P  <  0.001)  and  in  group  1  (P  <  0.001)  but  the
ifference  was  not  signiﬁcant  in  group  2  (P  =  0.33)  (Table  2).
imilarly,  the  endometrial  thickness  at  mid-length  of  the
terine  body  was  greater  at  2  hours  than  at  24  hours  afterP  <  0.001),  but  the  difference  was  not  signiﬁcant  in  group  2
P  =  0.55).
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Table  1  Demographic  data  of  92  women  with  unevent-
ful  delivery.
Variables  Value
Maternal  age  (years)  (mean  ±  SD)  32.7  ±  5.4
[21—42]
Previous  cesarean  section  18  (19.6)
Parity
I  32  (34.8)
II  41  (44.6)
III  14  (15.2)
IV  4  (4.3)
V  1  (1.1)
Weeks  gestation  (mean  ±  SD)  37.7  ±  1.1
[36—39.5]
Mode  of  delivery
Vaginal 61  (66.3)
Cesarean  section 31  (33.7)
Birth  weight  (grams)  (mean  ±  SD)  3,457  ±  450
[2,210—4,425]
Note: numbers in parentheses are percentages. Numbers in
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ubrackets are ranges. SD: standard deviation.
The  uterus  width  was  signiﬁcantly  smaller  at  2 hours
han  at  24  hours  after  delivery  in  the  general  population
P  <  0.001)  and  in  group  1  (P  <  0.001)  but  the  difference  was
ot  signiﬁcant  in  group  2  (P  =  0.06).
A  signiﬁcant  increase  in  uterine  artery  RI  was  found
etween  RI,  obtained  at  2  hours  and  that  obtained  at
4  hours  after  delivery  in  the  three  groups  of  women  for
ight  and  left  uterine  arteries.  No  differences  between  right
nd  left  uterine  artery  RI  were  found  in  any  group  either  at
 hours  or  at  24  hours  after  delivery.
Transient,  limited  pelvic  free-ﬂuid  effusion  was  observed
 hours  after  cesarean  section  in  one  woman  (1/92;  1%)  and
n  no  women  (0/92;  0%)  24  hours  after  delivery.
Table  3  shows  the  results  of  ultrasonographic  evaluation
ccording  to  parity.  In  the  group  of  primiparous  women,  a
igniﬁcant  increase  in  uterine  width  (P  <  0.001)  along  with
 signiﬁcant  increase  in  uterine  artery  RI  (P  =  0.02)  was
bserved  between  2  and  24  hours  after  delivery.  In  the
roup  of  multiparous  women,  signiﬁcant  variations  were
bserved  between  2  and  24  hours  after  delivery,  consisting  in
ncreased  uterine  width  (P  =  0.002),  increased  uterine  artery
I  (P  =  0.002  for  right  uterine  artery;  P  <  0.001  for  left  uter-
ne  artery),  decreased  anterior  wall  thickness  (P  <  0.001),
nd  decreased  endometrial  thickness  (P  =  0.002).  Two  mul-
iparous  women  had  an  endometrial  thickness  of  33  mm
 hours  after  vaginal  delivery.
iscussione  have  conducted  a  prospective  and  descriptive  study  that
eports  the  early  abdominopelvic  ultrasonographic  ﬁndings
n  women  with  uneventful  delivery.  Our  results  show  that
ree-ﬂuid  effusion  has  a  prevalence  of  1%  in  a  population  of
t
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omen  with  uneventful  delivery  and  that  such  ﬁnding  is  not
resent  24  hours  delivery.  In  addition,  we  observed  a  sig-
iﬁcant  increase  in  uterine  artery  RI  between  2  hours  and
4  hours  after  delivery,  thus  suggesting  physiological  vaso-
onstriction  of  the  uterine  arteries  during  the  same  period,
resumably  due  to  the  presence  of  subplacental  shunts  as
escribed  by  Schaaps  et  al.  [23].  The  uterine  dimensions
ound  in  our  study  are  consistent  with  those  previously
eported,  although  the  exact  time  of  measurement  with
espect  to  the  time  of  delivery  varied  among  studies  or  was
ot  clearly  mentioned  [13,19,24].
Our  results  reinforce  the  general  assumption  that  free-
uid  effusion  is  exceedingly  rare  in  women  with  uneventful
elivery.  Antonelli  et  al.  found  free-ﬂuid  effusion  in  only  two
omen  among  a  population  of  145  women  (1.4%)  four  days
ollowing  cesarean  section  [11]. Koskas  et  al.  did  not  observe
eritoneal  free  ﬂuid  in  any  of  their  patients  between  1  and
 hours  after  cesarean  section  [19]. We  therefore  consider
hat  free-ﬂuid  effusion  should  be  considered  as  an  abnormal
nding,  especially  in  woman  with  hemodynamic  instability,
bnormal  bleeding  or  ineffective  response  to  resuscitation
rocedures.  Such  ﬁnding  may  suggest  further  imaging  proce-
ures  and  a  more  invasive  therapeutic  approach  [5,25,26].
Regarding  the  signiﬁcant  difference  in  uterine  length
etween  women  with  vaginal  delivery  and  those  with
esarean  section,  this  might  be  explained  by  the  different
mount  of  oxytocin  given  to  the  two  groups  (15  vs.  55  units).
ur  results  differ  from  those  by  Shalev  et  al.  [8].  Three
ays  after  vaginal  or  cesarean  delivery,  these  researchers
ound  that  uterine  length  was  signiﬁcantly  greater  follow-
ng  cesarean  section  by  comparison  with  vaginal  delivery
22.5  cm  vs.  17.3  cm),  so  that  they  hypothesized  that  the
terus  contracts  better  and  stays  ﬁrmer  after  vaginal  deliv-
ry  than  after  cesarean  section  [8].
In  our  study,  we  did  not  observe  any  difference  in
ndometrial  thickness  between  women  with  cesarean  sec-
ion  and  those  with  vaginal  delivery.  The  absence  of
ifference  might  be  explained  by  the  systematic  manual
emoval  of  intra-uterine  retained  products  of  conception
nd  blood  clots  and  the  relatively  small  number  of  women
ith  cesarean  section  in  our  study.
Several  ﬁndings  can  be  observed  at  ultrasonography
fter  an  uneventful  delivery.  Gas  within  the  uterine  cav-
ty  detected  at  ultrasonographic  examination  is  considered
s  a  normal  ﬁnding  after  spontaneous  vaginal  delivery
27]. In  general,  the  uterine  cavity  is  thin  during  the  ﬁrst
 days  following  uncomplicated  vaginal  delivery,  probably
ue  to  the  contractions  of  the  myometrium  [16].  How-
ver,  some  authors  showed  that  echogenic  material  can  be
resent  within  the  uterine  cavity  in  up  to  40%  of  asymp-
omatic  women  48  hours  following  vaginal  delivery  [13].
fter  cesarean  section,  Koskas  et  al.  observed  a  heteroge-
eous  mixed-echogenicity  mass  in  the  uterine  cavity  in  one
oman  (3.3%)  who  had  an  uneventful  outcome  [19].
A  limited  number  of  studies  have  reported  on  the  use  of
uplex  Doppler  ultrasonography  for  the  assessment  of  uter-
ne  arteries  after  delivery  [20,21,28,29].  It  is  admitted  that
terine  artery  RI  is  relatively  stable  from  the  ﬁrst  day  to
he  14th  day  following  uncomplicated  vaginal  whereas  an
ncrease  in  uterine  artery  RI  is  observed  from  the  14th  day
o  the  56th  day  [21]  and  also  from  the  4th  day  and  the  end  of
he  ﬁrst  month  [28]. By  contrast,  in  women  who  experience
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Table  2 Comparison  between  ultrasonographic  features  2  hours  and  24  hours  after  uncomplicated  delivery  in  the  study  population  and  according  to  delivery  mode.
All  women  (n  =  92) Vaginal  delivery  (n  =  61) Cesarean  section  (n  =  31)
Variable H2  H24  P  H2  H24  P  H2  H24  P
Uterine  length  (mm) 138  ±  17.5
[107—201]
136  ±  14.8
[96—175]
0.58a 142  ±  18.2
[114—201]
139  ±  13.2
[106—175]
0.48a 131  ±  14
[107—163]
131  ±  16.5
[96—158]
> 0.99a
Anterior  wall  thickeness  (mm) 42  ±  7.4
[25—59]
38  ±  7.4
[17—57]
< 0.001a 42  ±  7.5
[28—58]
37  ±  7
[21—52]
< 0.001a 41  ±  7.2
[25—59]
39  ±  8
[15—57]
0.33a
Posterior  wall  thickness  (mm) 43  ±  9.2
[21—62]
42  ±  7.6
[25—67]
0.13a 44  ±  9.4
[21—61]
42  ±  7.9
[25—67]
0.19a 43  ±  8.9
[27—62]
42  ±  7
[27—58]
0.46a
Uterine  width  (mm) 115  ±  12.1
[88—140]
122  ±  13.7
[90—159]
<0.001a 115  ±  12.2
[88—140]
124  ±  13
[91—157]
< 0.001a 115  ±  12
[97—137]
119  ±  14.4
[90—159]
0.06a
Endometrial  thickness  (mm) 11  ±  6.3
[1—33]
9  ±  5.8
[1—36]
< 0.001a 11  ±  6.5
[2—33]
8  ±  5.8
[1—36]
< 0.001a 10  ±  5.9
[1—25]
9  ±  5.7
[3—30]
0.55a
Right  uterine  artery  RI 0.51  ±  0.12
[0.30—0.88]
0.57  ±  0.13
[0.30—0.87]
< 0.001a 0.52  ±  0.12
[0.36—0.88]
0.57  ±  0.12
[0.30—0.81]
0.006a 0.49  ±  0.13
[0.30—0.80]
0.56  ±  0.14
[0.30—0.87]
0.02a
Left  uterine  artery  RI 0.50  ±  0.12
[0.29—0.85]
0.57  ±  0.10
[0.36—0.79]
< 0.001a 0.50  ±  0.12
[0.29—0.83]
0.58  ±  0.10
[0.36—0.79]
< 0.001a 0.50  ±  0.13
[0.31—0.85]
0.55  ±  0.10
[0.43—0.74]
0.02a
Free-ﬂuid  effusion  (n)  1
(1%)
0
(0%)
> 0.99b 0
(0%)
0
(0%)
> 0.99b 1
(1%)
0
(0%)
> 0.99b
Note: indicates ultrasonographic examination performed 2 hours after delivery. H24 indicates ultrasonographic examination performed 24 hours after delivery. RI indicates resistance
index at duplex Doppler ultrasonography.
Data are given as mean ± standard deviation. Numbers in brackets are ranges. Numbers in parentheses are percentages.
a Wilcoxon rank sum test for paired data.
b Fisher exact test.
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Table  3  Comparison  between  ultrasonographic  variables  obtained  2  hours  and  24  hours  after  uncomplicated  delivery
according  to  parity.
Primiparous  (n  =  32)  Multiparous  (n  =  60)
Variable  H2  H24  P  H2  H24  P
Uterine  length  (mm) 135  ±  15.2
[114—198]
136 ±  16.9
[96—175]
0.36a 140  ±  18.5
[107—201]
136  ±  13.5
[103—160]
0.18a
Anterior  wall  thickness  (mm)  38  ±  6.1
[25—49]
38 ±  8.2
[17—57]
0.68a 44  ±  7.3
[30—59]
38  ±  7
[20—59]
< 0.001a
Posterior  wall  thickness  (mm)  44  ±  8.7
[28—61]
43 ±  7.2
[28—58]
0.54a 43  ±  9.5
[21—62]
42  ±  7.8
[25—67]
0.32a
Uterine  width  (mm)  113  ±  10.4
[97—133]
122 ±  11.1
[104—157]
< 0.001a 116  ±  12.7
[88—140]
122  ±  15
[90—159]
0.002a
Endometrial  thickness  (mm)  9  ±  4.3
[1—19]
8 ±  7.2
[1—36]
0.11a 12  ±  7.1
[1—33]
9  ±  4.8
[3—29]
0.002a
Right  uterine  artery  RI  0.51  ±  0.11
[0.36—0.83]
0.56 ±  0.13
[0.30—0.87]
0.02a 0.51  ±  0.13
[0.36—0.88]
0.58  ±  0.13
[0.30—0.85]
0.002a
Left  uterine  artery  RI  0.50  ±  0.11
[0.36—0.75]
0.56 ±  0.10
[0.39  ±  0.78]
0.02a 0.50  ±  0.12
[0.29—0.85]
0.58  ±  0.10
[0.36—0.79]
< 0.001a
Free-ﬂuid  effusion  (n)  0  (0)  0  (0)  >  0.99b 1  (1)  0  (0)  >  0.99b
Note: H2 indicates ultrasonographic examination performed 2 hours after delivery. H24, indicates ultrasonographic examination per-
formed 24 hours after delivery. RI indicates resistance index at duplex Doppler ultrasonography.
Data are given as mean ± standard deviation. Numbers in brackets are ranges. Numbers in parentheses are percentages.
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b Fisher exact test.
ost-cesarean  hemorrhage  or  partial  placental  retention,  a
ecreased  uterine  artery  RI  is  found  [20,29].  Although  we
gree  that  the  use  of  uterine  artery  RI  cannot  be  used  alone
ut  interpreted  with  the  results  of  ultrasonographic  exami-
ation  and  fully  integrated  into  a  comprehensive  evaluation
5,29,30],  it  is  however,  reasonable  to  assume  that  uterine
rtery  RI  measurement  at  2  and  24  hours  following  appar-
ntly  uncomplicated  delivery  may  be  a  useful  diagnostic
djunct  to  predict  potential  complications.
Several  limitations  may  be  raised  with  respect  to  our
tudy.  First,  ultrasonographic  examinations  were  performed
y  a  panel  of  ﬁve  observers,  thus  potentially  introducing  bias
n  data  collection.  However,  studies  have  found  high  degrees
f  agreement  for  ultrasonography  for  the  presence  of  pelvic
uid  [31].  Second,  uterine  artery  RI  was  measured  only  after
elivery  and  not  before,  so  that  the  baseline  RI  in  our  study
opulation  was  not  known.  Third,  our  study  included  women
ith  normal,  uncomplicated  delivery,  so  that  it  is  not  pos-
ible  to  determine  to  which  extent  ultrasonography  along
ith  RI  measurement  can  be  used  to  predict  complications.
his  issue  needs  further  prospective  study  to  be  addressed.
In  conclusion,  the  results  of  our  study  show  that  pelvic
ree-ﬂuid  effusion  is  exceedingly  rare  in  the  early  course  of
ncomplicated  delivery.  In  addition,  a  signiﬁcant  increase
n  uterine  artery  RI  during  the  24  hours  following  uncom-
licated  delivery  belongs  to  the  range  of  normal  ﬁndings.
t  can  be  anticipated  that  familiarity  with  these  ﬁndings
ould  result  in  more  conﬁdent  diagnosis  of  complications.
oreover,  the  results  of  our  study  should  warrant  further
nvestigations  with  respect  to  the  impact  of  ultrasonography
n  the  management  of  women  with  postpartum  hemorrhage.isclosure of interest
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etails of ethics approval
nformed  consent  was  obtained  from  all  women  and  approval
f  our  Institutional  review  board  (Comité  consultatif  sur  le
raitement  de  l’information  en  matière  de  recherche  dans
e  domaine  de  la  santé  [CCTIRS])  had  number  13.061bis.
eferences
[1] Zuckerman J, Levine D, McNicholas MM, Konopka S, Gold-
stein A, Edelman RR, et al. Imaging of pelvic postpartum
complications. AJR Am J Roentgenol 1997;168:663—8.
[2] Plunk M, Lee JH, Kani K, Dighe M. Imaging of postpartum
complications: a multimodality review. AJR Am J Roentgenol
2013;200:W143—54.
[3] Thomassin-Naggara I, Darai E, Bazot M. Gynecological pelvic
infection: what is the role of imaging? Diagn Interv Imaging
2012;93:491—9.
[4] Kamaya A, Ro K, Benedetti NJ, Chang PL, Desser TS. Imag-
ing and diagnosis of postpartum complications: sonography and
other imaging modalities. Ultrasound Q 2009;25:151—62.[5] Lousquy R, Morel O, Soyer P, Malartic C, Gayat E, Barranger E.
Routine use of abdominopelvic ultrasonography in severe post-
partum hemorrhage: retrospective evaluation in 125 patients.
Am J Obstet Gynecol 2011;204, 232.e1—6.
ed  d
[
[
[
[
[
[
[
[
[
[
[Abdominopelvic  ultrasonographic  ﬁndings  after  uncomplicat
[6] Edwards A, Ellwood DA. Ultrasonographic evaluation of the
postpartum uterus. Ultrasound Obstet Gynecol 2000;16:640—3.
[7] Lavery JP, Shaw LA. Sonography of the puerperal uterus. J
Ultrasound Med 1989;8:481—6.
[8] Shalev J, Royburt M, Fite G, et al. Sonographic evaluation of
the puerperal uterus: correlation with manual examination.
Gynecol Obstet Invest 2002;53:38—41.
[9] Carlan SJ, Scott WT, Pollack R, Harris K. Appearance of the
uterus by ultrasound immediately after placental delivery with
pathologic correlation. J Clin Ultrasound 1997;25:301—8.
[10] Lipinski JK, Adam AH. Ultrasonic prediction of complications
following normal vaginal delivery. J Clin Ultrasound
1981;9:17—9.
[11] Antonelli E, Morales MA, Dumps P, Boulvain M, Weil A.
Sonographic detection of ﬂuid collections and postoperative
morbidity following Cesarean section and hysterectomy. Ultra-
sound Obstet Gynecol 2004;23:388—92.
[12] Lee CY, Madrazo B, Drukker BH. Ultrasonic evaluation of the
postpartum uterus in the management of postpartum bleeding.
Obstet Gynecol 1981;58:227—32.
[13] Sokol ER, Casele H, Haney EI. Ultrasound examination of the
postpartum uterus: what is normal? J Matern Fetal Neonatal
Med 2004;15:95—9.
[14] Brown DL. Pelvic ultrasound in the post-abortion and postpar-
tum patient. Ultrasound Q 2005;21:27—37.
[15] Wachsberg RH, Kurtz AB, Levine CD, Solomon P, Wapner RJ.
Real-time ultrasonographic analysis of the normal postpartum
uterus: technique, variability, and measurements. J Ultrasound
Med 1994;13:215—21.
[16] Mulic-Lutvica A, Bekuretsion M, Bakos O, Axelsson O. Ultra-
sonic evaluation of the uterus and uterine cavity after normal,
vaginal delivery. Ultrasound Obstet Gynecol 2001;18:491—8.
[17] Burger NF, Darazs B, Boes EG. An echographic evaluation during
the early puerperium of the uterine wound after caesarean
section. J Clin Ultrasound 1982;10:271—4.
[18] Faustin D, Minkoff H, Schaffer R, Crombleholme W, Schwarz
R. Relationship of ultrasound ﬁndings after cesarean sec-
tion to operative morbidity. Obstet Gynecol 1985;66:
195—8.[19] Koskas M, Nizard J, Salomon LJ, Ville Y. Abdominal and
pelvic ultrasound ﬁndings within 24 hours following unevent-
ful Cesarean section. Ultrasound Obstet Gynecol 2008;32:
520—6.
[elivery  51
20] Kirkinen P, Dudenhausen J, Baumann H, Huch A, Huch R. Post-
partum blood ﬂow velocity waveforms of the uterine arteries.
J Reprod Med 1988;33:745—8.
21] Mulic-Lutvica A, Eurenius K, Axelsson O. Longitudinal study
of Doppler ﬂow resistance indices of the uterine arteries
after normal vaginal delivery. Acta Obstet Gynecol Scand
2007;86:1207—14.
22] Tranquart F, Brunereau L, Cottier JP, Marret H, Gallas S, Lebrun
JL, et al. Prospective sonographic assessment of uterine artery
embolization for the treatment of ﬁbroids. Ultrasound Obstet
Gynecol 2002;19:81—7.
23] Schaaps JP, Tsatsaris V, Gofﬁn F, et al. Shunting the intervillous
space: new concepts in human uteroplacental vascularization.
Am J Obstet Gynecol 2005;192:323—32.
24] Shaamash AH, Ahmed AG, Abdel Latef MM, Abdullah SA. Rou-
tine postpartum ultrasonography in the prediction of puerperal
uterine complications. Int J Gynaecol Obstet 2007;98:93—9.
25] Takeda A, Koike W,  Imoto S, Nakamura H. Three-dimensional
computerized tomographic angiography for diagnosis and
management of intractable postpartum hemorrhage. Eur J
Obstet Gynecol Reprod Biol 2014;176:104—11.
26] Pelage JP, Le Dref O, Jacob D, et al. Uterine artery
embolization: anatomical and technical considerations, indi-
cations, results, and complications. J Radiol 2000;81(12
Suppl.):1863—72.
27] Wachsberg RH, Kurtz AB. Gas within the endometrial cavity
at postpartum US: a normal ﬁnding after spontaneous vaginal
delivery. Radiology 1992;183:431—3.
28] Reles A, Ertan AK, Kainer F, Dudenhausen JW. Doppler
ultrasound images of the uterine artery and uterine involu-
tion in normal puerperium. Gynakol Geburtshilﬂiche Rundsch
1992;32:66—72.
29] Mulic-Lutvica A, Eurenius K, Axelsson O. Uterine artery Doppler
ultrasound in postpartum women with retained placental tis-
sue. Acta Obstet Gynecol Scand 2009;88:724—8.
30] Gayat E, Resche-Rigon M, Morel O, et al. Predictive fac-
tors of advanced interventional procedures in a multicentre
severe postpartum haemorrhage study. Intensive Care Med
2011;37:1816—25.31] Cazes N, Desmots F, Geffroy Y, Renard A, Leyral J, Chaumoître
K. Emergency ultrasound: a prospective study on sufﬁcient
adequate training for military doctors. Diagn Interv Imaging
2013;94:1109—15.
